pollinator insect population and environmental conditions. Heterozygosity increase yield due to outcrossing has been well supported in faba bean. In view of, heterosis, resulting from the combined action and interaction of interallelic and allelic genes improved yield and obtained by hybrid combinations (Bishnoi et al., 2012 and Ibrahim, 2010) .
Faba bean production isn ' t enough to feed the ever-growing world population. Numerous biotic and abiotic factors were caused reducing of yield (Abdelmula et al., 1999 and Abdelmula et al., 2012) . Especially, Water deficit is the most important environmental and detrimental factor that decrease growth and productivity of plants with an average yields loss for most strategically crops by more than 50% (Bray, 1997) . Faba bean cultivation is unsuitable particularly in arid and semi-arid regions because this crop is not sufficiently water deficit tolerant (Loss et al., 1997) . Also, bean plants exhibit a great quantity of Agro-physiological and biochemical modifications occur for drought tolerance (Jaleel et al., 2008; Farooq et al., 2008; Khan et al., 2010; Cortés et al., 2012; Ammar et al., 2014; Khazaei, 2014; Mohamed, 2015; Siddiqui et al., 2015; Abid et al., 2017; Ammar et al., 2017 and Ping et al., 2018 ).
In addition, inhibitive effect of water deficit supply on anatomical structure (lamina thickness and size of main vascular bundle) of tomato leaves. Moreover, the decrease in lamina thickness under drought stress was mostly due to the decrement induced in both palisade and spongy tissues (Selim & El-Nady, 2011) .
Combining ability had an important role in crop improvement. It could determine the magnitude and nature of genetic effects which controlling yield traits, in addition preparation the promising parents to use in the creation of genetic variability for eventual use in varieties improvement. Diallel analysis was an excellent means of obtaining information about differential parents and parental combinations in terms of general combining ability (GCA) and specific combining ability (SCA) (Griffing, 1956) . The correspondence of better combining genotypes is conclusive for successful exploitation of heterosis. Also, evaluation of parental genotypes is essential for enveloping better hybrids. The estimates of combining ability effects supply important penetrative in selection of parents that could give rise to better hybrids upon crossing. Besides, the knowledge about the nature and magnitude of gene effects is importance for developing high yielding ability of varieties in faba bean (Beyene, 2016 and Ibrahim, 2010) . Present investigation was carried out to understand; the type of gene action governing growth, anatomical, photosynthetic pigments and yield characters under water stress and detection good parents and hybrids, which could be exploited for future breeding programs.
Materials and Methods
This study was carried out during the two growing seasons of 2014/2015 and 2015/2016 at the experimental farm of the Faculty of Agriculture, Suez Canal University, Ismailia, Egypt. Five different local faba bean (Vicia. faba L.) cultivars, Giza 843 (P1), Giza 3 (P2), Maser 3 (P3), Sakha 3 (P4) and Sakha 1 (P5), were used in this study representing a wide range of variability in their agronomic traits. In the winter season of 2014/2015, the seeds of all parents were sown on 30 th October and crossed in a half diallel mating design to produce 10 F1 hybrids. In 2015/2016 season, the five parental genotypes and their crosses were sown under two water regimes.
Meteorological data and irrigation treatments
Relative humidity (RH), evaporation (E0), maximum and minimum temperature and solar radiation were recorded daily from sowing until harvest by a weather station located approximately 1km from the experimental field. The temperature average about 16.8°C and the relative humidity average about 56% during winter 2015/2016 season were used for calculating reference crop evapotranspiration (ETo) according to Penman-Monteith equation (Allen et al., 1998) . Irrigation water was supplied by surface to provide the two water regimes which were well-watered (100% from ETo) and severe water stress (60% from ETo), which represented 2800 and 1680m 3 of water/faddan, respectively. Each experimental plot consisted of three ridges of 3m length and 60cm width. Hills were spaced 20cm with two plants per hill. All other agricultural practices were followed as recommended. A split-plot arrangement in randomized complete block design (RCBD) with three replications was used. Main plots were devoted to water treatments. Sub-plots were devoted to 15 genotypes (five parents and ten crosses).
Measurements
Data were recorded on ten competitive plants (five guarded hills) from each plot in each replications for the following four main group characters:
1-Growth characters
Number of leaves/plant, number of branches/ plant, shoot fresh weight/plant (g), shoot dry weight/plant (g), root fresh weight/plant (g) and root dry weight/plant (g). Egypt. J. Agron. 40, No.3 (2018) COMBINING ABILITY, HERITABILITY AND HETEROSIS ESTIMATES ...
2-Anatomical characters
Number of xylem vessels, thickness of mysophyll (µm), thickness of midrib (µm), thickness of palisade tisuue (µm), thickness of spongy tisuue (µm) and thickness of vascular bundle (µm) were determined.
The third visible leaf from the plant apex of five parental genotypes and their crosses at flowering stage was used to study the anatomy of the leaves. Killing and fixation of leaf sample in 70% F.A.A. solution, dehydration and clearing with ethyl-alcohol and xylene, infiltration and embedding in pure parafine wax (M. P. 56-58 o C) were carried out as described by Nassar & ElSahhar (1998) . Using a rotary microtome, sections of leaf (15µ) were obtained and stained with safranin and light green. Sections, in such cases were microscopically examined and analyzed with the image processing program. Anatomical examination and measurements were achieved using a Leica light Research Microscope model PN: DM 500/13613210 supplied with a digital camera.
3-Photosynthetic pigments
Chlorophyll a, b and carotenoids were determined according to Fadeel (1962) .
4-Seed yield per plant (g)
Some measurements about seed yield per plant (g) were determined
Statistical analysis
Testing the significance of genotypic differences: Data collected was initially subjected to analyses of variance (ANOVA) according to Steel & Torrie (1980) using the COSTAT system for Window, version 6.311 (cohort software, Berkeley, CA, USA). Griffing (1956) model; method II, analysis was used to estimate general combining ability (GCA) and specific combining ability (SCA). The analyses were performed using the Diallel 98 program software computer package (Ukai, 2002) . Heritability in narrow sense h (n.s) was calculated according to Mather & Jinks (1982) .
Heterosis:
Heterosis was estimated according to midparent.
% Heterosis (MP) = 100 .
A test of significance for the F1 crosses mean from the mid parent values was calculated according to Bhatt (1971) .
Results and Discussion

Mean performance of genotypes
The mean performances for studied characters of faba bean genotypes under two water regimes are given in Tables 1, 2 , 3 and 4. Mean comparison were performed by least significant differences (LSD)
Growth characters
The data in Table 1 revealed to significant decreasing effects on growth performance of studied genotypes by water deficit. This decreasing was resulted from several inhibited changes of cell metabolisms (Farooq et al., 2012 With respect to the F1 crosses, results indicated that the cross P1xP2 recorded high values forroot fresh weight/plant (g) and root dry weight/plant (g) (27.3 and 6.3, respectively) under severe drought stress. The cross P1xP4 exhibited the highest values for shoot fresh weight/plant (g) and shoot dry weight/ plant (g) (203.3 and 35.7, respectively) under severe water stress. For number of leaves/plant the cross P1xP5 recorded the highest value (68) under severe water stress. Concerning number of branches/plant, the cross P2xP4 gave the highest value (4.7) under severe water stress. These results suggest that the above mentioned parents and F1 crosses may be used for improving drought tolerance in faba bean breeding programs.
Anatomical characters
Data in Table 2 and Plates 1, 2 illustrated the values of number of xylem vessels, thickness of mesophyll (µm), thickness of midrib (µm), thickness of palisade tissue (µm), thickness of spongy tissue (µm) and thickness of vascular bundle (µm). Faba bean parent P5 (Sakha 1) gave the maximum values in most of anatomical characters under two water regimes, followed by P2 (Giza 3). Data of crosses were presented in Table 2 and Plates 3, 4, 5 and 6. Crosses (P 1 xP 2 , P 2 xP 5 , P 1 xP 5 and P 2 xP 3 ) appeared more tolerant under water stress, although, water deficit reduced all anatomical characters except number of xylem vessels which is the one of important character related positively with drought. Which is noteworthy that parent P 5 and cross P 3 xP 5 the best genotypes in number of xylem vessels. These results were agreement with Boghdady (2009) and Petrov et al. (2012) . The results obtained by Forouzan et al. (2013) revealed the positive and significant correlations between grain yield with leaf thickness and xylem width under drought stress conditions. Due to this fact, the leaves thickness and xylem width considered key structural features of leaves that manage the ability of a safflower genotype to tolerate water deficit stress. Therefore these traits could be used as criteria to select tolerant genotype that were more tolerant to drought. Egypt. J. Agron. 40, No.3 (2018) COMBINING ABILITY, HERITABILITY AND HETEROSIS ESTIMATES ... Table 3 showed the values of chlorophyll a, b and carotenoids. The two parental genotypes Maser 3 (P 3 ) and Sakha 1 (P 5 ) exhibited the highest values of chlorophyll a, b (4.4, 7.8 for P 3 and 3.1, 5.4 for P 5 , respectively) under severe water stress. The two parental genotypes Giza 843 (P 1 ) and Sakha 3 (P 4 ) gave the highest values ofcarotenoids (2.3 and 2.5, respectively) under severe water stress. With respect to the F 1 crosses, results indicated that P 1 xP 3 and P 3 xP 5 crosses recorded the highest of chlorophyll a, b (3.4, 5.8 for P 1 xP 3 and 3.2, 5.6 for P 3 xP 5 , respectively) under severe water stress. Concerning carotenoids, (P 2 xP 4 ) and (P 2 xP 5 ) crosses exhibited the highest values (2.8 and 2.3, respectively) under water stress. The activity of a chlorophyll degrading enzymes like chlorophyllase enzyme caused decreasing of chlorophyll content (Reddy & Vora, 1986) . These findings may suggest that these parents and F 1 crosses had high ability to drought resistance.
Photosynthetic pigments Data in
Seed yield per plant
Data of seed yield was presented in Table 4 . Two parental genotypes; Sakha 3 (P 4 ) and Giza 843 (P 1 ) gave the highest values of seed yield/ plant (52.3 and 50.3, respectively) under severe water stress.
Comparison of performance of F 1 crosses to the corresponding highest parents revealed that two crosses had the highest values of seed yield / plant namely P 1 xP 5 (76.7) and P 1 xP 4 (70.0) under severe water stress. These results suggest that the above mentioned parents and F 1 crosses may be of value for improving seed yield of faba bean. These superior genotypes can be exploits in breeding programs for improving drought tolerance.
General combining ability and heritability estimates
General combining ability (GCA) variances are in general attributed to the additive and additive x additive gene effects, while specific combining ability (SCA) variances are attributed to non-additive gene effects which involve dominance and epistasis components of genetic variation. GCA and SCA mean squares were highly significant for all measured traits under two water conditions or regimes (Tables 5, 6 and 7), indicating that both of them were playing an important role in the inheritance of these traits. Variances of GCA were larger than those for SCA. σ 2 GCA/σ 2 SCA ratio was more than unity for number of xylem vessels, thickness of mysophyll (µm), thickness of midrib (µm), thickness of palisade tissue (µm) and chlorophyll b under two water regimes (100% ETo and 60% ETo). Also, leaves number/plant, shoot fresh weight/plant (g), root fresh weight/plant (g), root dry weight/ plant (g), seed yield/plant (g), chlorophyll a and carotenoids under 60% ETo only, thickness of spongy tissue (µm) and thickness of vascular bundle (µm) under 100% ETo only. The results indicated that GCA variance was more important than SCA ones in the genetics of these traits, explaining the additive gene action in genetic makeup of traits. These finding revealed that these traits could be developed and improved through phenotypic selection. On the other hand, the variance due to SCA was more pronounced for branches number/plant and shoot dry weight/ plant (g) under two water regimes, furthermore, leaves number/plant, shoot fresh weight/plant (g), root fresh weight/plant (g), root dry weight/ plant (g), seed yield/plant (g), chlorophyll a and carotenoids under 100% ETo, while thickness of vascular bundle (mm) under 60% ETo. From these results, it could be concluded that the controlling of the inheritance processes for the measurements characters depend on additive and dominance effects of genetic components, although there were varied contribution of each component according to measurement and water regime (Ahmad & Hager, 2010; Haridy & Amein, 2011; Farag & Afiah, 2012; Hazem et al., 2013; Ashrei et al., 2014; Zeinab & Helal, 2014; Bishnoi, 2016; Ismail, 2016; Abdalla et al., 2017 and Bishnoi et al., 2018a ).
The results in Table 5 showed that the values of heritability in narrow sense were ranged from 5.92 to 58.6% for growth characters and ranged from 21.3 to 57.5 % for anatomical characters (Table 6 ) under two water regimes. Respecting to photosynthetic pigments characters (Table 7) , the values of heritability in narrow sense were ranged from 1.68 to 57.5% under two water regimes. With respect to seed yield per plant were 7.5 and 45.8 under two water regimes. These results indicated that these characters are greatly influenced by dominance and environmental conditions. Similar findings were obtained by Abdelmula et al. (1999) , Ibrahim (2010) , El-Bramawy & Osman (2012), Peyman (2015) , Abd El-Zaher (2016) and Ismail (2016 *,** Significant at 0.05 and 0.01 probability levels, respectively.
The general combining ability effects of parents are presented in Tables 8, 9 and 10. Result revealed that the parent P5 (Sakha 1) showed positive and highly significant effects for thickness of mysophyll (µm), thickness of midrib (µm), thickness of vascular bundle (µm), chlorophyll a and chlorophyll b under two water regimes, moreover it showed highly significant positive for shoot dry weight/plant (g), number of xylem vessels and carotenoids under 100% ETo only and for thickness of palisade tissue (µm), thickness of spongy tissue (µm) and seed yield/ plant (g) under 60% ETo only. P 2 (Giza 3) revealed good combiner for root fresh weight/ plant (g), root dry weight/plant (g), thickness of mysophyll (µm) and thickness of spongy tissue (µm) under two water regimes, furthermore it showed highly significant positive for shoot fresh weight/plant (g), number of xylem vessels and thickness of midrib (µm) under 60% ETo only and for thickness of palisade tissue (µm) and thickness of vascular bundle (µm) under 100% ETo only. P 4 (Sakha 3) demonstrated highly significant positive effects for seed yield/plant (g), thickness of midrib (µm) and branches number/plant under two water regimes; highly significant positive for leaves number/plant, thickness of palisade tissue (µm), thickness of spongy tissue (µm), thickness of vascular bundle (µm) and chlorophyll b under 100% ETo only and for carotenoids under 60% ETo only. P 1 (Giza 843) showed highly positive significant effects for root fresh weight/plant (g) and seed yield/plant (g) under two water regimes, moreover it showed highly significant positive for leaves number/plant, shoot fresh weight/plant (g), shoot dry weight/plant (g), number of xylem vessels, thickness of midrib (µm), thickness of vascular bundle (µm) and carotenoids under 60% ETo while root dry weight/plant (g) under 100% ETo. P 3 (Maser 3) exhibited highly significant positive effects for chlorophyll a under two water regimes, furthermore it showed highly significant positive for seed yield/plant (g)and growth characters except for root dry weight/plant (g) under 100% ETo only and for chlorophyll b and thickness of spongy tissue (µm) under 60% ETo only. Preceding parents are studied to be good general combiners for their particular traits. Also results recommend that three parental genotypes; P 5 (Sakha 1), P 2 (Giza 3) and P 4 (Sakha 3) are a good combiners for improving most characters. These results were in harmony by Alghamdi (2007) 
Specific combining ability estimates
Estimates of SCA effects for F 1 crosses were presented in Tables 11, 12 and 13. Three crosses (P 3 xP 4 , P 3 xP 5 and P 1 xP 5 ) had highly positive significant SCA effects for most growth characters under two water regimes, while three crosses (P 1 xP 2 , P 1 xP 3 and P 2 xP 3 ) appeared highly positive significant SCA effects for most anatomical characters under two water regimes. Regarding photosynthetic pigments characters and seed yield/plant (g), crosses P 1 xP 5 , P 2 x P 4 and P 2 xP 5 exhibited highly significant and positive SCA effects under two water regimes for most of these characters. The superiority crosses which demonstrated desirable SCA effects showed high heterosis values for characters. These superiority hybrids could be used in breeding programs to produce high yielding ability and drought tolerance pure lines of faba bean. These results are in line with those reported by Alghamdi (2009) , Ibrhim (2010), Farag & Afiah (2012) and Abdalla et al. (2017) , who found the crosses included high and low combiners had best SCA effects. 
60% ETo
P 1 0.11 8.5** -0.24* -0.14 1.0 23** 0.1 1.8** 2.1** 0.9** 1.2** 0.13 P 2 -1.4** -4.1** -0.3** 0.00 -7.5** 8.3** -2.3** 0.4 3.9** 3.2** 0.4** 0.51** P 3 0.83* -1.2** 0.76** 0.00 38.0** -4.4** 2.7** 0.3 1.8** 0.7 0.2 0.18 P 4 1.88** -2.3** 0.29** 0.19* -23** -1.7** -2.1** -1.6** -4.4** -2.2** -1.2** -0.30** P 5 -1.4** -0.9* -0.5** -0.05 -8.2** -25** 1.5** -0.9** -3.5** -2.6** -0.5** -0.51** 
P 1 -1.7** 1.4** -58.3** -26.5** -94.7** 10.2** -39.0** -2.8** -16.1** -21.6** -0.1 17.9** P 2 -0.90* 0.5* 97.0** 39.8** -10.8** 9.8** 40.8** -6.1** 97.2** 23.3** 14.6** -3.6** P 3 0.52 -0.5* -90.7** -19.3** -24.7** -69.1** -0.2 -1.0** -61.0** 6.1** -39.5** -7.9** P 4 -0.24 -1.2** -3.3** -45.0** 41.6** 4.3** 21.1** -6.2** 8.2** -16.2** 17.7** -8.9** P 5 2.33** -0.2 55.3** 51.1** 88.5** 44.9** -22.7** 16.2** -28.3** 8.4** 7.2** 2.5** Tables 14, 15 and 16 were presented the heterosis values relative to mid parents (MP). For growth characters, heterosis percentages were highly significant and positive in two crosses; P 1 xP 5 and P 3 x P 4 under the two water regimes. Regarding anatomical characters, the two crosses; P 1 xP 2 and P 2 xP 4 exhibited highly significant and positive heterotic effects under the two water regimes. With respect to photosynthetic pigments characters and seed yield/plant (g), crosses P 2 xP 5 and P 1 xP 5 (except for carotenoids) exhibited highly significant and positive heterotic effects under two water regimes. Hayman (1958) showed that the difference in values of heterosis resulted from diversity among parents with non-allelic interactions. While, Alghamdi (2009) demonstrated the heterosis estimates for most characters was appeared sufficient genetic variability among parents. Moreover, F1 superiority in some traits showed different degrees of gene action in parental combinations that may effect by direct or indirect action on characters (Abdelmula et al., 1999; Omar, 2004; Darwish et al., 2005; Attia & Salem, 2006; El-Hady et al., 2006; Ahmad & Hager, 2010; Link et al., 2010; Ibrahim, 2015; Abd El-Zaher, 2016; Bishnoi, 2016 and Abdalla et al., 2017) .
Heterosis estimate
Conclusion
Three parental genotypes; P 5 (Sakha 1), P 2 (Giza 3) and P 4 (Sakha 3) were considered to be good combiners. The crosses; P 1 xP 5 (for most of characters), P 3 xP 4 (for growth characters), P 1 xP 2 (for anatomical characters) and P 2 x P 5 (for photosynthetic pigments characters and seed yield/plant) exhibited desirable SCA effects and significant heterosis values under two water regimes. All these parents and hybrids could be used in breeding programs for improving drought tolerance. SOAD A. MAHMOUD et al. 
